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Introduction
Phosphorus (P) management is one of the main obstacles in sustainable development of food systems. Arbuscular mycorrhiza (AM) has the potential to make successful cultivation possible at a lower soil P level by exploiting the released P more effectively. It can reduce P losses to waters also by improving soil structure which leads to reduced erosion. The aim of the study was to find out whether reliance on AM in crop production can be promoted by management of the production system in Nordic conditions. Crop P nutrition was focused on. A bioassay of AM effectiveness in terms of plant growth and nutrient uptake was also developed.

Material and methods
Farm pairs with adjacent fields representing contrasting management systems, and long-term field experiments on cropping systems and fertilization practices were utilized. The influences on AM formation, and on AM effectiveness, i.e. on AM contribution to growth and nutrient uptake of barley, red clover and flax were investigated. The effects on size, composition and functioning of the field AM fungal communities were also clarified. As well as the bioassay developed, two other bioassays and a field assay were used.

Results and discussion 
AM could notably increase growth and uptake of P, Zn and Cu by field grown clover and flax, but the benefits to cereal crops require breeding. Within both of the farm pairs AM effectiveness was slightly higher in soil from the organic farm, and notably higher in loam soil from the farm pair with cattle than in clay soil from the farm pair with mainly cereal production. Similarly, in a long-term experiment AM effectiveness was remarkably higher in the treatment with manure applications with mineral fertilizers only. It was also observed that the effectiveness in the low-input plots was higher than in the conventionally cropped plots in the long term. However, incorporation of clover biomass hindered mycorrhizal functioning during the next season reducing the yield compared to incorporation of composted biomass and to conventional plots. Increase in the soil content of extractable P reduced mycorrhizal benefit to crops. At intermediate P contents of the Finnish field soils, AM could remarkably reduce crop growth. High content of extractable P in soil reduced or prevented AM formation. 

The differences in AM effectiveness between cropping histories were mainly due to differences in the soil conditions, i.e. in the proportion of the organic P pool effectively utilized by AM, or in the overall P supply. From all the management practices, only the amount of P applied caused functional differences in AM fungal communities at long term. The communities seemed to adapt slowly to changes in P levels. This adaptation could not, however, compensate for the reduction in AM effectiveness caused by the increase in soil P supply.          

Conclusions 
Mycorrhiza is an ecosystem service (Björklund et al., 1999) which can be relied on and favoured, but also impaired or irreversibly lost depending on the production system. AM deserves to be considered in development of sustainable farming systems as well as in breeding and soil quality assessment programmes serving sustainable agriculture. AM effectiveness in field soils can be assessed using a standardized bioassay.

References
Kahiluoto, H. and Vestberg, M. (1999) Impact of cropping system on mycorrhiza. In: J.E. Olesen, R. Eltun, M.J. Gooding, E.S. Jensen and U. Köpke (Editors), Designing and testing crop rotations for organic farming. DARCOF Report no. 1. pp. 305-310.
Björklund J., Limburg K.E. and Rydberg, T. (1999) Impact of production intensity on the ability of the agricultural landscape to generate ecosystem services: an example from Sweden. Ecol. Economics 29, 269-291.
Kahiluoto, H., Ketoja, E. and Vestberg, M. (2000) Creation of a non-mycorrhizal control for a bioassay of AM  effectiveness  1. Comparison of methods. Mycorrhiza 5, 241-258.
Kahiluoto, H. and Vestberg, M. (2000) Creation of a non-mycorrhizal control for a bioassay of AM
effectiveness  2. Benomyl application and soil sampling time. Mycorrhiza 5, 259-270.
Thingstrup, I., Kahiluoto, H. and Jakobsen, I. (2000) Phosphate transport by hyphae of field communities of
arbuscular mycorrhizal fungi at two levels of P fertilization. Plant Soil. In press.

